Introduction: In post-dilution online hemodiafiltration, a very thin balance subsists in preventing coagulation of the extracorporeal circuit (ECC) during treatment and bleeding in the patient, concerning dialyzer status and anticoagulation dose.
INTRODUCTION
On a routine basis, a hemodialysis (HD) treatment is only possible by counteracting the propensity for blood to coagulate when in contact with a foreign surface. In fact, for a proper anticoagulation (AC) in HD patients, a very delicate equilibrium is necessary and ideally should be targeted to prevent coagulation in the extracorporeal blood circuit (ECC) during treatment and at the same time to prevent bleeding in the patient.
In many patients this balance remains a major challenge as the patient's blood is exposed to procoagulant substances such as ECC synthetic components and dialyzer membranes that have the tendency to activate coagulation cascade. 1, 2 There are also mechanical factors such as shear stress, particularly in the venous and arterial lines, due to blood-air interface and the possibility of low blood flow that will favor clotting. However, it is important to recognize that many uremic patients are prone to bleeding diathesis. 3 This pathogenesis is considered multifactorial and is related to anemia, uremic toxins, and other comorbidities. 4 Additionally, patients may also be taking medication that interferes with hemostasis. If no anticoagulation agent is used during treatment, approximately 7% to 20% of the dialyzers can coagulate, 5, 6 resulting in a reduction of the effective dialysis dose delivered or even loss of 100 to 150 mL of blood, 7 if no rinse back is possible. There are other anticoagulant alternative agents, although the British Renal Association recommends unfractionated heparin (UFH) as the standard anticoagulant and low-molecular-weight heparin (LMWH) as an alternative agent in patients with lower bleeding risks. 8 The regional citrate infusion is considered a complex technique 1, 8 that is unsuitable for routine use or should be limited to intensive care units. Currently, UFH is the most common anticoagulant being used in patients receiving dialysis because it is easy to administer, has a short half-life and is low cost. 9, 10 According to the European Best Practice Guidelines (EBPG), 11 the initial loading dose of UFH should be 50 IU/kg followed by a maintenance dose of 800-1500 IU/h, given via constant infusion into arterial line, in patients without hemorrhagic complications. Nonetheless, there is no clinical consensus about the ideal UFH dose for low bleeding risk in patients on HD, and the use of clinical and biological monitoring of anticoagulation during HD sessions is currently not clearly defined in routine clinical practice. 12, 13 So, because of the individual patient profiles regarding optimization of anticoagulation therapy in HD patients, there is a need for a standardized approach regarding anticoagulation, with an individualized prescription considering the patient's profile. Maintaining full patency in the ECC during HD sessions is essential for providing safe and effective dialysis 1 minimizing morbidity and mortality in the population. Often, ECC clotting leads to blood loss, increased nursing workload, disposables' consumption and thus increased treatment costs.
Nowadays, several studies are considering that online hemodiafiltration (OL-HDF) is the most advanced treatment modality [14] [15] [16] and that the true benefits derive from a proper convection volume. This therapy combines diffusive and convective volume of at least 20% of the total blood volume processed during the treatment session. 17 In OL-HDF post-dilution mode, effective convection volume is the combination of the substitution volume (SubsVol) and the volume of fluid removed for weight loss.
However, in OL-HDF, a very thin balance occurs when maximizing substitution rate and filtration factor vs. dialyzer status, especially concerning anticoagulation dose. 18 Post-dilution OL-HDF is associated with a higher convective mass transfer compared to HD caused by a greater ultrafiltration volume, 18 which can result in the deposition of plasma proteins on the membranes' surface, clogging the membrane pores and occluding the blood fibers of the dialyzer. 17 At the same time there is an increase in transmembrane pressure (TMP), causing alarms, reducing clearance, and possibly resulting in clotting of the ECC. Thus, it seems to us that poor heparinization and the consequent decrease in the dialyzer's area by clotting fibers can be a determining factor for the convection volume, as well as treatment time and blood flow rate. 19 The aim is to assess the association between the classification of the dialyzer's status and the prescribed anticoagulation's dose, dry weight, SubsVol, spKt/V and assess whether there are clinical outcome differences between the different categories of the dialyzer's aspect.
MATERIALS AND METHODS
A multicenter, retrospective, descriptive-correlational study was conducted, involving all active patients who underwent HDF with on-line-prepared substitution fluid for 1 month, in 37 Clinics of Fresenius Medical Care (FMC), NephroCare Portugal, S.A.
Patients were dialyzed thrice-weekly, with a 4-hour schedule, using a Fresenius 5008 CorDiax HDF machine (FMC -Bad Homburg, Germany) with high-flux polysulfone dialyzers with 1.6 m 2 (FX CorDiax 600 -FMC). The dialysis machines were all equipped with a dialysis fluid ultrafiltration system (Diasafe ® , FMC). The convection volume was driven automatically using the "AutoSubplus" function of the 5008 machines, 20 which prevents excessive hemoconcentration within the dialyzer by continuously adapting the substitution flow rate according to changes in blood viscosity within the dialyzer. The dialysate flow in all treatments was automatically set by the "AutoFlow" function, preset to 1.0. Dialysis dose (spKt/V) was calculated in every treatment based on ionic dialyzance obtained by the integrated module Online Clearance Monitor (OCM ® , FMC) from the 5008 CorDiax machine, and "V" was derived from total body composition assessment with a bioimpedance device (Body Composition Monitor-FMC). 21 The exact blood flow of each dialysis was maintained within safety shunt pressures, according to dialysis prescription, routine physical examination performed by the dialysis nurse, ease of cannulation and progress of the dialysis session per se, taking into account individual patient's needs and dynamic shunt characteristics. Both arterial and venous pressures were kept above −220 mmHg and under 250 mmHg, respectively. [22] [23] [24] All treatments were performed using a personal patient card that recalls all necessary treatment parameters from EuCliD ® (European Clinical Data Base-FMC) to the hemodialysis machines, including medication. At the end of each treatment, data are sent back to EuCliD ® , attesting liability of all outputs. 25, 26 The study consisted of two phases. The first was a comprehensive training of all the clinics' head nurses for them to subsequently replicate their training to the nursing teams, which began in October 2015 till December of the same year. Concomitantly a dedicated e-learning training course was created for nurses in which one of the topics was the necessity for the nurses to classify and register at the end of each treatment, both the dialyzer and venous drip chamber aspects. Also, in order to minimize observation's variability, a schematic with pictures was made available to all units displaying the categorization for both the dialyzer and venous drip chamber. The dialyzer was classified by visual inspection into five categories (clean = 1, light pink = 2, some coagulated fibers = 3, many coagulated fibers = 4, and totally coagulated = 5) ( Figure 1 ) and the venous drip chamber into three (clean, presence of clots, and totally coagulated) ( Figure 2 ). Immediately after the rinse back procedure, the nurses classified both the dialyzer and the venous drip chamber's aspect category at the patient's bedside.
A dedicated report with several treatment parameters was created for all the dialysis units, including the aspect for the dialyzer and venous drip chamber. Apart from individual medical judgment and decisions, there are standards on good dialysis care in our network ("NephroCare Standard Good Dialyses Care") which are periodically audited, thus maintaining a minimal standard of care. As part for routine lab monitoring, blood samples were collected before start of treatment through the cannulated shunt venous needle to determine Hematocrit (Hct) concentration of all patients during follow up.
UFH regime was by an initial loading bolus and maintenance infusion dose according to the dialysis prescription by the dialysis machine and stopped 30-60 minutes before the end of the treatment. Each nephrologist prescribed the UHF dose for each patient according to their clinical criteria and personal judgment considering treatment time, patient weight, and comorbidities, but as initial standard prescription, prescribed loading dose was between 40 and 50 IU/Kg and as for maintenance dose was 10 IU/kg/h.
Data collection
After the first phase, 4520 patients ( Figure 3 ) from EuCliD ® database fulfilling sufficient inclusion and exclusion criteria were initially enrolled, obtaining approximately 58,760 observations per each of the clinical variables. Nine hundred and eighty one patients were excluded due to lack of data in at least 3 variables under study. At the second phase the remaining 3539 patients were subject to the following inclusion criteria: Patients had to be on post-dilution On-Line HDF with arteriovenous fistula (AVF) or arteriovenous graft (AVG) as vascular access and effective treatment time between 230 and 250 minutes. Patients also had to have UFH as the anticoagulant agent, being administered in the standard regime of initial bolus followed by subsequent maintenance dose in continuous infusion. Patients with central venous catheter as vascular access, without prescribed anticoagulant or with low molecular weight heparin and patients with a prescription other than 4 hours or who did not comply with the prescription were excluded.
Patients were characterized by gender, age, body weight, time in HD; type of vascular access (AV); Charlson's comorbidities index and hematocrit (Hct) (standard monthly single measurement profile). For each patient 8 to 13 consecutive treatments were considered for 1 month follow up to minimize observations variability. For the characterization of the treatments the following variables were selected: duration of treatment; total ultrafiltration (UF) removed; dose of UFH and categorization of the venous drip chamber and dialyzer status. From these variables we took the average scores. The venous chamber and dialyzer appearance were classified according the stage ranges of the average scores. For this last variable, only 4 categories were considered because there were 4 observations in the fifth category "Totally coagulated" (impossible to reinfuse), hence the communion between the fourth and fifth categories.
Data analysis strategy
First, a descriptive analysis was conducted. The continuous variables were reported as proportions. For continuous variables mean, SD, and range were assessed. Monthly average values for each variable per patient were calculated. The mean UFH dose was calculated for the different groups of dialyzer status and dry weight.
The analysis focused on the evaluation of correlation between dialyzer status, venous drip chamber, and UFH dose (IU/Kg) and between dry weight and UFH dose (IU/Kg) using Spearman's rho coefficient. One-way analysis of variance (ANOVA) between dialyzer status and dry weight, OCM spKt/V, and SubsVol was also performed. Linear regression was assessed to estimate the magnitude of SubsVol and spKt/V variation explained by UFH dose variation. The relationship between Hct and dialyzer status was also analyzed.
Results were considered significant when P < 0.05 and Bonferroni adjustment 27 was used for multiple comparisons (α 0 = α/m). All the statistical analysis was performed using the support of SPSS (version 23; IBM, Armonk, NY).
Compliance with ethical standards
This study was approved by the institution's ethical committee in accordance with legal national and international requirements. Because of its retrospective nature, noninterventional, registry-based with large sample data anonymously retrieved from a central database (EuCliD ® -FMC), the anonymity of the studied patients was always maintained. Moreover, individual patient consent was waived to all patients, according to FMC Portugal internal policy, consenting confidentiality data analysis from this central database, licensed by the Portuguese National Data Protection Commission. All anonymized data used for this study are part of routine treatment clinical care data and no patient identifiable data were used.
RESULTS

Patients' characteristics and treatment data
After applying the exclusion criteria, the final sample included 2829 patients, mostly male (N = 1720, 60.8%). The characteristics of the cohort are shown in Table 1 . Mean age was 68.96 years old (SD = 13.75) and ranged from 25 to 98 years old. Three age groups were created (≤ 65, 66-80, and ≥ 81 years old) according to Portuguese Society of Nephrology (SPN) groups. 28 The most frequent was the group whose age ranged from 66 to 80 years old (N = 1253, 44.3%) and 21.9% of patients were over 81 years old. Mean treatment time was 241.54 minutes (SD = 1.67; ranged from 230.23 to 249.64 minutes). Most of the patients had an AVF (N = 2327, 82.3%) and the remaining patients had AVG. Mean dry weight was 68.53 Kg (SD = 13.27; range = 34.4-118.5). It should be noted that approximately 10% of the patients weighed more than 86 kg. Four dry weight groups were created (≤ 58, 59-68, 69-78, and ≥ 79 kg). Average UFH dose in the full cohort was 58.13 IU/kg (SD = 19.34) (the equivalence of the product between the average dry weight and UFH = AE 3984 IU). The initial loading dose was 1767 IU (SD = 672) (25.78 IU/kg) administered immediately after treatment start, followed by a continuous infusion of an average 2295 IU (SD = 951) (average 571 IU/h) during the dialysis treatment. In these patients with multiple measurements the coefficient of variation of dialyzer and venous chamber scores was 34.2% and 21.5%, respectively.
Relation between dialyzer status and unfractioned heparin dose
The highest proportion of the assessment of the dialyzer status was 48.1% (N = 1362) (Table 2) in the "light pink" category and less frequent with only 1.7% in "many coagulated fibers."
Only 32.5% of the patients had a clean dialyzer at the end of treatment, which also presented the higher UFH dose (66.32 IU/kg). These data also reveal that 19.4% of the patients finished the treatment with some "coagulated fibers." The correlation between dialyzer status and UFH dose is significant negative (r S = −.330, P < 0.001), with a medium effect size. 29 Thus, when the mean dose of UFH decreases, dialyzer status increases. Identical results were obtained with the correlation between the venous chamber and UFH (r S = −.257, P < 0.001).
A linear regression analysis was used to regress dialyzer status (in its quantitative version) on UFH dose. The results showed that 10.9% (R 2 = .109) of dialyzer status variation was significantly explained by UFH dose (F (1, 2827) = 345.573, P < 0.001). The effect is negative, thus as the UFH dose increases, the dialyzer status decreases (B = −.011, t = −18.590, 95% CI = −.12, −.10).
Relation between dry weight and unfractioned heparin dose
The correlation between patient dry weight and UFH dose was negative and significant (r S = −.237, P < 0.001). Thus, when the dry weight increases the dose of UFH decreases. A deeper analysis showed that patients with dry weight exceeding 69 kg (48.2%) presented an average UFH dose 53.92 IU/kg or 4280 IU, when compared to overall average dose (Table 3) . Additionally, as dry weight increases, it also increases the possibility of having more clotted dialyzer fibers (r S = .146, P < 0.001).
Relation between dry weight and dialyzer status
As can be seen in Table 2 as the dry weight of the individuals increases the dialyzer status also increases (more clotted fibers in the dialyzer). From one-way ANOVA using dialyzer status in its original scoring, the conclusion was that dry weight had a significant effect on dialyzer status (F (3, 2825) = 19.650, P < 0.001). Post hoc multiple comparisons showed that patients with lower dry weight (≤ 58 kg) exhibited significant differences from patients with higher dry weight (≥ 69 kg, P < 0.001). Patients with 59-68 kg also had a significant difference from patients with the highest dry weight (≥ 79 kg, P < 0.001).
We also assessed the influence of dry weight as a predictor of dialysis efficacy (spKt/V). The results showed that the dry weight explained 36.9% (R 2 = .369) of dialysis dose variation. The correlation between both as variables is significant and negative (r = −.608, P < 0.001). As expected as the dry weight increases, inversely the dialysis efficacy decreases.
Relation between dialyzer status and dialytic efficacy
The next analysis was performed to compare the 4 categories of the dialyzer status in relation to the dialytic efficacy, through the obtained result of spKt/V and SubsVol. Table 2 shows that patients with clean dialyzer have on average better results (M = 2.11 spKt/V) than patients with "light pink" (M = 2.04 spKt/V) and the other 2 categories. The difference between the maximum and the minimum value obtained shows a reduction of 11% in the effectiveness of the dialysis dose. The mean dialysis dose was 2.04 (SD = 0.39) of spKt/V (range = 0.96-3.70). Linear regression was used and the analysis showed that dialyzer status (in its quantitative version) significantly influences the value of spKt/V and explained 2% (R 2 = .020), P < 0.001 of dialysis dose variation.
From ANOVA test, the conclusion was that the dialyzer status significantly influences the value of spKt/V (F (3, 2825) = 18.100, P = 0.019). Pairwise comparisons of means of dialyzer status according to spKt/V categories were performed by Post hoc tests. The results from Scheffe test (Table 4) showed that there were significant mean differences between the first category (clean) and the other three categories (P < 0.001), as well as between the second (light pink) and the other categories (P = 0.005). Between the remaining categories there were no significant differences from each other.
The relationship between dialyzer status and SubsVol was analyzed and the results showed that patients with a clean dialyzer had on average, better results (24.47 L) than patients in the other categories ( Table 2 ). Dialyzer status also had a significant effect on SubsVol (F (3, 2825) = 9.605, P = 0.010). The results from Scheffe test showed that there were only significant mean differences in SubsVol between clean and light pink (P = 0.002), and some coagulated fibers (P < 0.001).
A weak and negative correlation was observed between the venous drip chamber status and the results obtained from spKt/V. This means that as the venous camera coagulates, it decreases the dialytic efficiency (r S = −.126, P < 0.001). However, the correlation between the venous chamber status and SubsVol was positive with a medium effect size r S = .301 P < 0.001, probably due to increased venous pressure. It was also observed a strong and positive correlation between the dialyzer status and venous chamber (r S = .778, P < 0.001). 
Relation between Hct and dialyzer status
No relationship was observed between Hct, anticoagulation, extracorporeal blood flow, UF removed, overhydration status, and dialyzer status. Instead, only a negative and no significant relationship was observed between Hct and the following dependent variables: spKt/V (r = −155) and SV (r = −131). The objective was to test the mediating effect of the dialyzer on the relationship between Hct with spKt/V and SubsVol. As Hct had no significant effect on the mediator dialyzer it is no longer possible to find the mediation effect.
Multiple 
DISCUSSION
During a hemodialysis treatment, the patient's blood is exposed to many substances and surfaces including the dialyzer membrane and blood tubing, and the venous pressure chambers that contribute to the risk of thrombogenesis. In convective dialysis therapies, especially on post-dilution OL-HDF, there is high likelihood of the circuit to clot due to hemoconcentration caused by excessive ultrafiltration rate. Concomitantly, clinicians tend to expose the patient as little as possible to high doses of UFH and induced collateral complications. Effectively, these patients are exposed to some complications including thrombocytopenia, 11, 30 platelet dysfunction, 31 and an increased risk of hemorrhage. However, complications associated with prolonged administration to UFH were not considered for this study.
The results show that only 32% of the patients presented a "clean" dialyzer and indicate that an UFH dose of greater than 66 IU/kg (approximately 4500 IU per treatment) is required. This dosage is however much lower compared to the value presented in the investigation of B. Canaud et al., 14 in which UFH was used for anticoagulation as an intravenous bolus dose of 50 AE 15 IU/kg followed by a continuous infusion of 1000 IU/h. Comparing with our results it represents approximately twice the dosage in both the initial bolus and maintenance dose prescriptions.
Heparin dosage was also not adjusted as the average patient weight increased and as we can see in Table 2 the group of heavier patients on averaged had less UFH (IU/kg). From the results, dry weight had a very large impact on the variation of dialytic efficacy, but we cannot ignore the negative effect of the dialyzer status that explains 2% of the spKt/V 0 variation.
We consider that body weight is a factor that should be considered for adjusting the dose of UFH and ought to be associated with coagulation of the dialyzer/bloodlines, bleeding after disconnection and the poor results obtained with the dialyzer status, consequence of the anticoagulation regime. Time for a proper hemostasis greater than 15 minutes can also be a signal of a high dose of UFH. 1, 31 The results of another study 32 demonstrated that body weight was the most frequently used indicator for adjusting the UFH dosage. Suboptimal UFH doses (most especially in overweighed patients) can lead to thrombus formation and cause occlusion and clotting of the ECC, or even to an early treatment disconnection, leading to less than ideal outcomes that several papers have demonstrated that can have implications on patient survival. 33, 34 The variation of the spKt/V in relation to dialyzer status, although significance is very low probably because small molecules clearance is higher on the first half of the treatment. The efficacy of heparinization may also be measured by the activated partial thromboplastin time or the wholeblood clotting time. 11, 35 No relationship was observed between Hct and dialyzer status. Our results are not in accordance with the literature 36 ; however, we believe this reflects the good performance of the 5008 CorDiax dialysis machine with "AutoSubplus," which maximizes substitution volumes for high convective removal of middle molecules and on the other hand preventing excessive hemoconcentration within the dialyzer by continuously adapting the substitution flow rate according to changes in blood viscosity.
In conclusion it was noticed that the changes occurred in the dialyzer status represent an excellent indicator of deficient heparinization with significant implications in dialysis outcomes. It is important to evaluate the individual needs of each patient 13 and to take into consideration the dose of UFH in relation to the dry weight 32 and also to the dialyzer aspect or the presence of fibrin on the walls of the venous drip chamber 35, [37] [38] [39] that may indicate clotting. It is the responsibility of the physician to prescribe, but it is also the responsibility of the nurses to administer and constantly evaluate these indicators. The study results also show that spKt/V and SubsVol decreased significantly when comparing "clean" status and the remaining dialyzer classifications. Only the "clean" group is the most significant to achieve the target. On the other hand, about 11% of the variation in the dialyzer's appearance is explained by anticoagulation and this limitation has significant consequences on both the outcomes of spKt/V and the SubsVol. A correct heparinization and maintenance of ECC permeability is indeed a prerequisite for optimal HD quality 2 and a higher survival rate of these patients and the convective effects of convective dialysis may reduce cardiovascular mortality. 40 Also, the nursing staff, by classifying the ECC appearance at patient's bedside on a centralized database, can be a major contributor to achieve an individualized and optimal UFH dose and subsequent better patient outcomes.
Limitations of the study: As this study was intended to assess on real-world heparin dose vs. dialyzer status at end of dialysis, clotting tests, and other lab results like platelet count, total proteins, hemoglobin and albumin are available, but were not considered for this study. Also, patient comorbidities or other medications that may have interfered with clotting factors were not considered in this study and thus may have interfered with some results. However, we consider that the large sample size and concise data collection were important strengths.
